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0 Acrylic copolymers and method of making the sama 

0 The present invmtion provides novel acrylic block copofymers and a method of making the same by use of 
an inHfertar as a means of promoting, contn^ling and terminating polymerization; The method involves mixing an 
iniferter with a first polymer charge of acrytk: monomer polymerizable to an acrylk: block, exposing the mixture 
to an energy source to cause the iniferter to dissociate to form free radicals, penmitting the first monomer charge 
to polymerizer tanmlnating the exposure, adding a second monomer charge polymerizable to a second polymer 
block and again exposing the mixture to produce free radk;ats, permitting the second monomer ch^e to 
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polymerize, and tenninating the second exposure. 
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ACRYUC COPOLYMERS AND METHOD OF MAKING THE SAME 

Technical Field 

This inventfon relates to acrylfc block copolymers and a method of making the same. 

5 

Background Art 

Various methods of prodi^ng acrylic btock copolymers are known. Acrylic monomers which have been 
polymedzed randomly by conventkMiai thenmai initiation techniques to produce polymers which may be 

10 formed into films or sheets or used as protective coatings have been known for many years. The Inherent 
resistance of acrylic polymers to oxidalton endows films, sheets and coatings of sudi polymers with good 
aging and weatherabilHy properties. The films for the most part are clear, making them sultat>ls for certan 
optical appfications. Acrylto copolymers have also been widely used in adhesive applications and in 
particular as presstire-sansitiva acttiesives. The combinatton of monomers are, of course, diametrically 

1$ different from those required of acrylfc copolymers that are to be used to make fikns and protective 
coatings. 

ft (S generally recognized that control of the polymerization to produce a bkx^k copolymer is desired In 
tl^ production of useful copolymers. Control has not always been an easy task according to prior art 
methods. 

20 

Disclosure of the Invention 

The present Inventkxi provUes acrylic bk}ck copolymers and a method of making the same by 
2S utillzalton of an Inrferter as a means of promoting, controlling and tejrminating polymerizatkxi of the 
copolymer. 

The term "iniferter" refers to a chemical compound that has a combined function of being a free radical 
initiator, transfer ^ent and terminator, the term "iniferter" being a word formed by the underlined portions 
of the terms identifying these functions. This term and its use in a productkDn of block copolymers is well 

30 known, partkxilarly because of the work of Takayuki Otsu of the l>epartment of Applied Chemistry, Osaka 
City University, Osaka, Japan. This work Is discussed, for example. In an article by Otsu et al entitled 
"Living Radical Pdymenzations in Homogeneous Solution by Using Organic Sulfides as Photolniferters", 
Polymer Bulletin, 7, 45-50 (1982) and an artide by Otsu et al entitled "Living Mono and Biradical 
Poiymerizatkms in Homogeneous System Syntt^esls of AS and ABA Type Bk>Gk Copolymers". Polymer 

35 Bulletin. 11, 135-142 (1984), OespHe the rather detailed descripton of mak^g btock copolymers according 
to such disciositfes, there is no disctosure of making the type of acrylic bkx:k copolymers herein claimed. 

The present Inventldn provides taltor-made acrylic block copolymers. The control of the polymerlzatton 
provided by the iniferter technology permits ''tailoring" of the acrylic block copolymer so that a wide 
spectrum of physk:ai properties can be introduced. Polymerization is accomplished by sequential poly* 

40 merization steps. 

The acryfk: block copolymers of the present invention generally have optical dartty and are resistant to 
oxidative and photochemical degradation. The acrylic block copolymers of the invention can be used where 
conventional block copolymers are emptoyed, for example to make shaped articles, sheet materials, and ti^e 
like. Many of the sheets are clear polymeric fitn^s. The films are also quite flexible without being brittie and 

45 unexpectedly craze<reslstant 

Specifically, the btock copolymer is made by a method which has the folk)wing steps: 
(a) mixing (1) an initorter represented by tiie general formula l(T)n capable upon being subjected to 
an appropriate energy source of forming free radtoais !(*)» and nT* wherein n is an Integer of at least 2, I* 
is a highly reactive free radical capat>le of initiating free radical polymerization, arid T* is a less reactive 

so free radical which is generally much less capable of initiating free radical polyn^zaticn tiian I* but will 
rejoin with !(•)„ or a free radical polymer segment free radically polymerized with lOn upon termination of 
said energy source and (2) a first monomer charge selected from the group consisting of (i) acrylic 
monomer polymerizable to form an acrylic polymer block having a glass transition temperature of less than 
O'C and (\\) monomer polymerizable to form a tiiermoplastic polymer block having a glass transitton 
temperature of at feast 50' C which is free rad'icafly polymerizable in the presence of !(*)„ to form a first 
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polymer block: 

(b) exposing the mixture of (a) to an energy source capable of fonming free ra<flcals !(•)« and nT*; 

(c) maintaining the exposure of (b) until said first monomer charge polymerizes with )(*),» to form a 
free radlcaJ polymer segment represented by the fomiula KB*)n wherein B represents said first polymer 

s block formed of said first monomer charge; 

(d) terminating said exposure whereby to cause I(B*)q and nT* to combine to form a polymer 
represented by the formula KBTV 

(e) mbdng l(BT)n with a second monomer charge which is the member of the groq) consisting of 
monomer (i) and monomer (v) which was not selected as said first monomer comprising monomer which is 

10 free radically polymerizable In the presence of l(B*)n to a second polymer block; 

(0 exposing l(BT)n to an energy source capable of fonming free radicals i(B*)a and nl*: 
(g) maintaining the exposure of (f) until said second monomer charge polymerizes with l{B')„ to form 
a free radical block copolymer segment represented by the formula I<BA*}n wherein A represents said 
second polymer block forn>ed of saki second monomer charge; and 
18 (h) terminating the exposure of (f) whereby l(BA*)„ and nT* combine to form a block copolymer 

represented by the fonnula i(BAT)q. 

The bfock copolymer of the invention is an ABA type copolymer which can be represented by the 

general fonmula \(BAT)n 
wherein 

20 I represents a radical derived from the free radical initiator 1' of an inifeiter of the fonnuia I(T)a as previously 
defined; 

T represents a radkxit derived from the free radical terminator T* of iniferter !(?)„ 
n is an Integer of at least 2; 

B is a first polymer block ^ected from the the group consisting of 0) a polymer btock having a glass 
25 transilKHi temperature of less than 0* C and (ii) a nonmally thennoplastic polymer bksck having a glass 
transition temperature of at least 50 * C; and 

A is a second polynrier bk^ck whteh is the member of the group consist^ of polymer block d) and pofymer 
block (11) which was not selected as said first polymer block. 

The prefenrad block copolymers are those wherein n is an Integer of to 12. most preferably 2 to 8. 
30 The preferred weight ratfo of acryite.polymec block to thermoplastic polymer bk)ck in tfie copolymer is from 
about 5:95 to 40:60. most prefer^^ly 10:90 to' 30:70. 

Preferred btock copolymers have an eiastomeric block wfiich Is fomied of monomer comprising from 
about 75 to 100 percent by weight of at least one monomeric acrytkror methacrylic add ester of a non- 
tertiary akrohol. the alcohol having from 1 to 14 carison atoms wi^ the average number of cartoon atoms 
36 being 4 to 12- Prefenred monomeric acrylic or methacrylic add ester is selected from the group consisting 
of 2-butyl aoylate. isooctyi acrylate, 2-ethylhexyl acryiate. Z-methyltJutyl acrylate and n-turtyl acrylate. 

The preferred monomeric material from whteh the polymer block is formed is setected from the group 
conslsHf^ of methyl methacrylate, polystyrylethyl methacrylate macromer. methyl methacrylate macromer. 
oayVic add, acrylonitrile,* isobomyi methacrylate. N-vinyi pynolidone, t-butyl methacrylate, isopropyl 
40 methacrylate. and mbdures ttiereof. 

The prefenred btock copolymers according to the present invention Include tttose whk:h may be 
represented by the general fonnula 

* ( ''N-C-SABCH, ),-Y-(CH.BAS-C-N )^ 

50 wherein 

Ri. Ra, Ra and Ri are aliphatic, aromatic, or substituted aromatic moieties (preferably Ci-4 aliphatic 
moieties), which can be the same or different and which do not substantially Interfere with the ability of I' to 
promote free radical polymerizatton or with T* to recombine with I* or a polymer free radical segment 
Induding I*: 

^ Y is a linking group having a functionality of x -t- y which does not substantially interfere with the ablRty of I* 
to promote free radk:al polymerization or the ability of T* to recombine with r or a polymer free radical 
segment induding 1 * ; and 

X and y are each integers of at least 1 and the sum of x-t-y Is not more than 12. 
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The most preferred block copolymers according to \he invention are those represented by the formula 



The most prefemsd fniferters for producing the ABA block copotymers according to the present 
invention are selected from the group consisting of xylyiene bis {N,N-di0thyi dithtocarbamate) and xyiyier^ 
bis (N-cart)azolyl cflthlocartjamate). 



Best Mode for Canylng Out The fnventfon 



The acrylic monomer of the elastomenc block as previously mentioned, is a monomeric acryilc or 
methacrySc add ester of a non-tertiary alcohol, said alcohol having from 1 to 14 cartton atoms with the 
average number of carbon atoms being about 4-12. Examples of such nK)nomer$ ihdtKie the esters of 
acrylic add of methacryitc add with non*tertiary alky I ateohols such as 1-butanoi, 1-pentsiol« 2-pentanol, 3- 
pentanoi, a-methyhl-butaiot, t-methyt-1-butanol, l^methyM^pentanol. 2-methyi-1i>entanol, 3-methyi-l-per>- 
tanol, 2-ethyM-buteufioi. 3,5«S-trim6thyi*1-h6xanol. 2'«thyt hexanoi. d4ieptanof, 2-octanol» l^decanol, 1- 
dodecanoft and the like. Such monomeric acryiic or methacryiic esters are known in the art and many are 
commerdatly available. 

The elastomenc t^ock may include as a comonomer a macromol^ular monomer, sometimes referred 
to as a ''macromer". Such a monomer may also be Induded In the thermoplastic polymer block as a 
comonomer. Such a monomer Is a polymeric material having a copolym.erizable vinyl group with wNch the 
acrylic monomer and other monomers (d more than one is used) will copolymerize under the polymerization 
conditions. 

The vinyl-terminated polymeric morKsmers useful in the present inv^tion are known and may be 
prepared by the method disclosed by Husman et at, U.S. Pat 1^. 4,554,324 describes the preparatton of 
the vinyt-tBrmlnated polymeric monomers. The most preferred macromolecular monomers Include poly- 
styrylethyf methacryiate niacromer and polymethyl methacryiate macromer. 

According to Husman, such monomers are known and may be prepared by the method disck>sed by 
Milkovk:h et al as desdrbed U*S. Pat Nos. 3»786,116 and 3,842,059. As disdosed therein. vinyHerm&fiated 
polymeric monomer Is prepared by ankxik: polymerizatkm of a polymerizable monomer to Idrm a living 
polymer. Such monomers Indude those having an olefinic group, such as the vinyl-containing compounds. 
Living polymers are conveniently prepared by contacting the monomer with an alkali metal hydrocaftx>n of 
alkoxide salt in the presence of an inert organic diluent which does not partk:ipatB in or Interfere with the 
polymerization process. Monomers which are susceptible to anionk; polymerization are well known. 
Illustrative spedes Include vinyl aromatic compoi^ds such as styrene, aJpha-methylstyrene, vinyltoluene 
and its isomers. Other monomers susceptible to antonk: polymerizatk>n are also useful. 

The inrtialors for aniorac polymerizatton may be any of tf^ alkali met^ hyc^ocari)ons of alkoxide saits 
which produce a mono-functk)nal Hving polymer, i.e.» only one end of the polymer contains a reactive Ion. 
Such IrtitlaiDrs inckjde the hydrocarbons of Htt^um. soc&jm or potassium, for example, having an alkyi 
radk^ containing up to 20 carbon atoms or more« and prefer^ly up to 8 cart)on atoms. Ulustrative alkali 
metal hydrocartKXis indude ethylsodlum', propylsodlum. butylpotasslum. octyl-potasskim, phenyisodum, 
ethyllithium, butyllithium, sec-txjtylSthfum, isofMityllrthium, tertbutylllthium and 2«ethythexyfllthlum. Sec- 
butyllithium is the preferred initiator. 

The inert organic diluent utilized to fadlitiss heat transfer and adequate mixing of the initiator and 
monomer preferably is a hydrocartxn or an ether. Useful diluents indude saturated aliphatic and 
cydoaliphatic hydrocarix>ns such as hexane, heptane, octane, cydohexane and the like, in addition, 
aHphath: and cyclic ether solvents may be used, for example, dimethyl ether, diethyl ether, and 
tetrahydrofuran. 

The amount of initiator usually dictates the molecular weight of the living pdymer. If a small portksn of 
initiator is used, with respect to the amount of monomer, tiie molecular weight of the living polymer wiH 
generally be larger than if a large portion of Initiator fs used. It is generally advisable to add Initiator 
dropwise to the monomer until ttie persistence of the characteristic cotor of the organic anion is observed, 
then the calculated amount of the initiator is added for the molecular weight desired. The preliminary 
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dropwise addition serves to destroy contaminants and thus permits better control ol the polymerization. 

Generally, the initiator concentration can vary from about 0,01 to about 0.1 moJe of active alloB metal per 

mole of monomer, or higher. Preferably, the concentration of the initiator win be from about 0.01 to about 

0.04 mole of active alkali metal per mole of monomer. 
5 The temperabro of the polymerization will depend upon the monomer. Generally, the reaction can be 

carried out at a temperature ranging from dbo\A -\QQ' C. up to about 100* C. 

The anionic polymerizafion must be caffried out under controlled conditions so as to exclude substances 

which de^o^ the imtialor or Ihn'ng anion. Water and oxygen must be excluded. The polymerization 

thareiore is carried out under anhydrous conditions In an Inert atmosphere such as r»tn3gen, helium or 
to argon. 

The living polymers may be terminated in several ways. It is important however, tiiat conditions be 
selected to provide a quantitative termination free from side reortions. Under certain cdiditlons the living 
polymeric anion may be allowed to react directly with halogen-containing terminating agents to produce, for 
example, vinyl-terminated polymeric monomers. In many cases, however, the polymeric anion is highly 

15 reactive and non-selective in its reaction with the tennlnaljng agent In addition to displacement of the 
halogen atom, it may abstract hydrogen atoms or react with other functional groups present Including the 
vinyl group Itself. This results in polymer chains whidi are non-functional or of unwanted functionality and 
molecuter weight Occasionaily, under these conditions, a vinyl-terminated polymer may be attached by 
Mng anion and Hs functionality destroyed. 

20 One means for overcoming the foregoing problem Is to render the living anion less reactive, thus less 
susceptible to side reactions, by ''capping'' with a less reactive end group prior to actual termination. 
Examples of suitable "capping agents" include lower alkylene oxides such as ethylene and propylene 
oxide, and 1,1-diphenyl-ethylene, etc, A preferred capping agent Is an alkylene oxide, such as ethylene 
oxide. The capping agent reacts with the living polymer, destroying ite oxirane ring. The alkoxide anion then 

25 (Ssplaces the halogen atom of the terminating agent selectively, leaving the vinyl group intact 

The ca9)ping reactton is carried out quHe simply, as in tiie case of the terminating reaction, by adding 
the capping reactant to the living polymer at the polymerization temperature. The reaction occurs 
Immediately. As In tiie case of the termination reaction, a slight molar excess of tfie capping reactant witii 
respect to the amount of initiator may be used. The reaction occurs on a moiS for mole basis. This reaction 

so vis described in Mllkovlch. U.S. Pat No. 3.842,059. According to U.S. Pat No. 3.842,059, reaction witii the 
terminating agent provides ttie dedred vinyl-tenmlnated polymeric mor)omer. 

A second metiiod of termination, also useful for synttiesls of the vlnyhtenninated polymeric monomers, 
Involves capping ttie living anion performed as descn*bed prevkKisly, and tiie protonating tiie alkoxide ion to 
produce a hydroxyl-terminated polymer. The hydroxyl group Is then allowed to react with a tennlnating 

35 agent containing an isocyanate group (instead of a hatogen atom) to produce the vinyl tennlnation. Suitable 
temiinating agents for Ms reaction are isocyanato alkyi acrylates and methacrylates having 1 to 4 carbon 
atoms In die alkyl group. The hydroxyl and isocyanato groups react to form a urettiane linkage between tiie 
polymeric segment and tiie "monomeric" end group. Intermediate protonation of tfie alkoxide is necessary 
to prevent unwanted skjie reactions upon tennlnation. 

40 Afthou^ U.S. Pat Ho. 3,786.1 16 teaches tiiat tiie molecular weight distribution of tiie polymer chains of 
tiie vinyl-terminated polymericnwjnomer prior to copolymerization must be nairow, i.e., tess tiian 1.1 
polydispersity. It has been found tiiat useful psa compositions according to tiie present invention may 
employ polymeric monomer having a polydispersity of up to about 3 wfthout deteterious effects on tiie 
adhesive properties. These broader molecular weight distributions may be obtained by known variations in 

45 temperature of polymerization and the lithium alkali initiator used. 

The vinyl-terminated polymwic monomers useful in tfie present invention may also be prepared be 
free-radical polymerization (ratiier than anionic polymerization). Known metfiods can be used to prepare 
seml-telecheHc polymers using thermal free-radical initiators. An illustrative metiiod Is described in Y, 
Yamashia, K. Ito, H. MIzuno and H. Okada. Polymer Journal 14. 255-260 (1982) and K. Ito. N. Usami. and Y. 

50 Yamashlta, Macromolecules 13,216-221 (1980). These functional polymers can tiien be converted into vinyl- 
terminated monomers using ststfidard condensation chemistry, ring opening reactions, etc. Specifically, 
cariboxylic-acid terminated tow molecular w^ht polystyrene can be prepared using 4,4 -a20tMs-<4-cy- 
anovaleric acid) as an initiator and an acid-containing chain transfer agent such as HS-CHa-COOH. The 
semi-telecheiic polystyrene can tiien be vinyl tenminated via, for example, ring opening of gtyddyl 

55 metfiacrylate. These vinyt-termrnated polymers have a high polydfspersity. 

It should be understood tiiat minor amounts of the monomer fonning tiie B block, tiie mononter forming 
tt^o A blodc or botii may be present as a homopolymer in tiie copolymer ttiermoplastic composition of the 
Invention. Such minor amounts of homopolymer may be produced in an unwanted side reaction during 
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polymerization of the copofymer. Such amounts wfll typicalty be less than 10 parts by weight of afl 
homopolymer based upon lOO parts by weight of copolymer. 

The copolymerization of the low Tg acrylic monomer, and the high Tg monomer to produce the 
th(dfmoptastic block copolymer is by stap-vrise free radical polymerization. The low Tg acrylic monomer is 
5 dissolved in a suitable inert solvent if needed* and polymerized by a first free radical polymerization 
utilizing a suitable iniferter as a free radical initiator source. Generally, from about 0.01 to atx>ut 5 percent 
by weight of iniferter based upon the total weigfit of polymerizabie composition is used. 

The Iniferter is caused to dlssodata to form free radicals by exposure to an appropriate energy source. 
The preferred inil^rter is one which will dissociate upon exposure to a radiant energy source, most 

70 preferably an uttravlolet radiant energy source, upon exposure to the energy source, the iniferter (Associates 
to form free radicals which promote free radical polymerization. Upon completion of the free radical 
polymerization of the first monomer charge, e.g., the acrylic (ow Tg mononter, the energy source is 
discontinued to permit ^e free radically polymerized segments to recombine with the terminator portion of 
the infferter to form polymer se^nents. TTie second monomer charge is then introduced, whfch for example 

16 is polymerizabie to the high Tg thermoplastic polymer block, and the new mixture Is exposed to the energy 
source to cause dissociation of the tenminator radical and free radical polymerization of ttie second 
monomer charge onto the first polymer segment ^trat now t>etng the initiatDr of the second tiree radk:ai 
polymerizatbn. tJpon completion of polymerization of the second monomer charge, the energy source is 
terminal and the terminator portion of the iniferter recomblnes with the high Tg thermoplastic polymer 

so block to provkje a block copolymer. 

The particUar energy source and its intonsity are selected to result in dissoclatton of the infferter to ffiree 
radicals. When empfoyfng a photolniferter which will dissociate upon exposure to uftravioiet Sght radiation, 
an ultraviolet light soun:e is utffized. The Intensity and rate of Irradiation are chosen to advance the 
polymerizatfon at a reasoriable rate without deleteriousiy affecting the polymer segment t>eing produced. An 

25 ultraviolet light source having a wave length on the order of 300 to 400 nm spaced approximately 10 cm 
from the reactants to provide an exposure of 2 mw per square centimeter has been found to produce 
suitable results. Reaction times on tiie order of 2 to 50 hours have been found to be typical, depefxiing 
upon the intensity of the radtatkxi, with faster reaction times being observed at greater intensHies. 

The reactants and any solvent employed are charged into ah energy source-transparent vessel and 

30 tinerein subjected to the energy source. If the energy source is ultraviolet light radiation, a suitable uitravkHet 
light-transparent vessel is utilized. 

The reactkm is preferably conducted in a vessel with agitation to permit umfbrm exposure of the 
reactants to the energy source. While most of tiie reactions have been corK5ucted by employing a 
process, it Is possible to utilize the same technology in a continuous polymerizatk>n operation. 

39 The reaction mixture may include a suitable inert solvent but It is not necessary since some of the 
monomeric materials are liquid themselves and may thus be charged into the reaction vessel without 
utilization of a solvent 

TTie solvent If utilized in the free radical polymerization, may be any substance whk:h Is liquid in a 
temperature range of about -10*0 to about 50 *C, is substantially transparent to the energy source 

40 employed to penmit dissociation of tf>e intlerter to form free radicals, is inert to the reactants and product 
and will not otherwise adversely affect the reaction. Suitable solvents indude water, aikyt acetates such as 
ethyl acetate, alkanes such as hexane or heptane, and alcohols such as methyl alcohol, ethanol, ispropyl 
alcohol, and mixtures of one or nnore of these. Other solvent systems are useful. The amount of solvent Is 
generally about 30 lo 80 percent by weight based on the total weight of the reactants and solvent In 

45 addition to solution polymerization here^ described, the copolymerizatfon may be carried out by other well 
known techniques such as suspension, emulsion and bulk polymerization. 

The copolymer may, when necessary or desirat>le. be blended with a compatible modllfer In order to 
optimize physical properties. The use of such modifiers is common in the art. For example, it may be 
desirable to include such materials as pigments, fillers, stat^fizers, or various polymeric additives. 

60 The copolymers prepared in accordance with the present invention are easily shaped tyy conventional 
technh^s and equipment to produce shaped articles, sheet goods, or other useful shapes. 

It shouM be noted that while the polymers of the present invention have improved toughness without 
sut)sequent cross-linking, if necessary, hirther sohrent resistance and resistance to photodiemicai or 
oxidative forces may be obtained by cross-linking by emptoying radiant energy chemteal procedures. 

55 

Examples 
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The foltowing detailed description indudes exemplary preparations of ASA acryHc block ccpofymers In 
accordance with the invention. All parts and percentages In the examples are by weight unless othenvisa 
specifiedr 

s 

Defif^ons of Terms 



The number-average molecular weight {MJ, and weight-average molecj.«Jar weight (Mw), are well known 
10 mathematical descriptions of the motecular weight distribution of a polysrier sample. 

Each of the foregoing is a well known term used by polymf*r Cfhemlsts and others. Further explanation 
of the derivation of ftese terms may be found In Experimental Methods In Polymer Chemistry, Wiley and 
Sons. 1981 . Chapter 3 entitled "Molecular Weight Averages'', pages 57-617 

The block copolymers of the present Invention are described In a short-hand way depending upon tfie 
16 monomer fbnnlng each bkxdc For example. MMA-b-BA-b-MMA refers to a copolymer having block ("b^ of 
polymerized methyl methacrylate ("MMA") and a block of polymerized butyl acrylate ("BA"). For example. 
MMA*b-BArb-MMA ref^s to an ABA block copolymer having two A (pdymethyl methacrylate) btocfcs and a 
single B midblock (poiy-butyt acrylate). 

20 

Test Methods 



T!ie test methods used to ev^uate the block copolymers of the examples are industry standard tests. 

25 The test methods which characterize the polymers of this invention are those whteh demonstrate Its 
molecular architecture. The gel permeation chromatography (GPC), Inherwt viscosity O-V.) moAilus, 
percent elongation, and tensile strength measurement results have been obtained. The stamiard tests are 
descnlied In detaH In various pubOcattons of the American Society for Testing and Materials (A8TM). 
Philadelphia, Pa. The standard test methods are described In detail bekTw. The reference source of each of 

30 the standard test methods is also 9'ven. 



Gel Permeation Chromatography 

33 

The characterization of the molecular weight distribution of tiie polymers has been by conventional gel 
permeation chromatography (GPC). 

A Hewlett-Padcard Model 1084B, high performance Bquid chromatograph equipped with Styragerrw 
columns was used. The system was calibrated using polystyrene standards. Ail mdeoilar weight averages 
40 are polystyrene equivalent molecular weights. The molecular weight averages and polydispersities were 
catoulated according to accepted practices. GPC test methods are further explained In -Modem Size 
Exclusion Lkiuld Chromatography* Practice of Gel Permeation Chromatography. John WItey and Sons, 
1979. 

45 

Modulus - Gongation- Tensile Measurements 



The mechanical properties of the toughened, non-brlttie. thermoplastic fifnrks fonned from tiie 
so copolymers of this invention were measured according to tiie procedures estabfished by the American 
Standard Test Metiwds (ASTM) which can be found under tiie designations: D-412-83. "Rubber Properties 
in Tenskxi" and D 638M-84, "Tensile Properties of Plastics". 

Preparation of films for test purpose: Rims were cast from solution upon a st^strate which pemnitted 
subjecting tire tilm to 16 hours ^ drying in a vacuum oven at 50* C. The film ttius fonmed was cut to 
55 standard dumWseli shapes to provide test samples for insertion in tiie jaws of an InstronTM tensile test 
instrument where it was tested under ambient conditions in a testing room controlled at 23 C and a 
humidity of 50%. 

The prescribed dumbbeil-shaped specimens were stretched at a constant rate to Uie breaking point. 
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The tensile strength at t>reak was recorded. The elongation was expressed as a percentage of the original 
length. The modulus (Stiffness) and tensile strength were caJcuIated based on the fodowing formulae where 
"force" is expressed in Newtons (N), linear dimensions in meters and the modulus and tensile units are 
expressed as megaPascals (MPa). 

5 

Tensile = Force 

Width X Thickness 



10 

Moduli^ » Force x Initial X^gth 



Width X Ihickness x Final Length 



* Elongation 

at break » final length - original lengtJi x 100 

original length 
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Inherent Viscosity Measurement 



The inherent viscosity is measured by conventkmai means using a Cannon-F^nske #50 viscometer in a 
water bath controlled at 25* G to measure the flow time of 10 mf of a polymer solution (0^ g per dedilter 
polymer In methyl ethyl ketone). The ^camples ami comparative, examptos were run under fdenticat 
conditions. It is the comparative values which are significant and absolute f^ures are not required. 



Example 1 

m 
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MIVIA-b-BA-b-MMA 



A cylindricat reaction bottle was charged with 36 grams of butyl acryiate (BA), 0^ grams of xylyiene bis 
^ {N.N-diethyl-dithiocarbamafe) QCOC) and 21.3 grams of ethyl acetate. The mixture was purged with nitrogen 
for 10 minutes before sealing and placing the sealed bottle in a roller mechanism. The rotating, sealed 
bottle was exposed for 39 hours to ultravioiet radiation from General Bectric 15 watt blade light lamp. At tNs 
pdnt the ultraviolet source was turned off, the reacdon bottle was unsealed then 65.6 grams of methyl 
methacrylate (Mt\/IA) and 21 .3 grams of ethyl acetate were added to the polymerized butyl acryiate. Pwging 
^ for 10 minutes with nitrogen folbwed before the reaction bottle was re*sealed and placed in the roller 
mecharesm for furttier exposure to ultraviolet radiation which continued for 86 tiours. The resulting tnblock 
copolymer solution was removed. The composition of the resuitent polymer was determined by NMR 
spectroscopic analysis. A thin film was cast and dried to be subjected to mechanical tests. The results of 
these tests are reported in Table t, Example 1. 

50 

Examples 2. 3, 4- and 5 



The procedure of Example 1 was followed. The same monomers were charged but at different ratios 
and the exposure to ultraviolet and the amount of photoiniferters was varied. The resul^ng range of 
molecular weights and Inherent viscosities show how modulus, elongation and tensile performance of the 
toughened thermoplastic film can be altered. 
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Table i 



Segmented Triblock Copolymers MMA-b-BA-b-MMA 










Perfdrmanca Data 


Ex. 


Composition 


Molecuiar 




Modulus 


Elong. 


Tensile 




BA/MMA 


Weight 


m) 


(MPa) 


(%) 


(MPa) 


1 


35/65 


167.790 


0.71 


n054 


4 


29.1 


2 


29/71 


182,345 




939 


5 


30.5 


3 


31/69 


100.889 




1.239 


7 


38.8 


4 


3a^2 


109.188 


0.47 


738 


17 


24.2 


5 


30/70 


94,6C« 


0.48 


659 


21 


25.0 



Examples 6, 7. 8 and 9 



20 



25 



The preparation of these se^^nented triblock copolymers of 2-butyi acrylate (2-8A) and methyl 
methacrylate (MMA) were carried out by the procedure described in Example 1. The photoiniferter was 
xylyfene bis 0^,N ctiethyhdithiocarbamate) p(OC)i The exposure to ultraviolet radiation was in the same 
range. The results of the mechaiical tests performed on dried ttiln films of these copolymers cast from 
solvent are reported in Table it. 

* 

Table II 
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Segmented Tribtodc Copolymers MMA'4>-2*BA-4>MA^A 










Performance Data 


Ex. 


2-BA/MMA 


Molecular 
Weight 


I.V. 

(di/g) 


Modulus 
(MPa) 


Song. 
(%) 


Tensile 
(MPa) 


6 
7 
8 
9 


38^62 
28n2 
35/85 
32/68 


119,889 
111.564 
60.208 
70.785 


0.55 
0.53 
0.75 
0.54 


758 
1.080 
710 
642 


25 
29 
21 
10 


25.8 
24.5 
25.8 
29.9 
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Comparative Examples of Random Thennoplastic Polymer by Thermal Technique 



45 



8A/MMA 
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Example A 



A solution of monomers was prepared by charging 10 grams of butyl acrylate (BA) monomer; 90 grams 
of methyl methacrylate (MMA) monomer, 0.3 grams of 2.2'-azobis (isobutyronitrile) initiator (commerdally 
55 availabie as VA20 64TM} and 100 grams of ethyl acetate solvent to a reactor bottle. The charged bottie was 
purged with nitrogen to remove oxygen, then seaied and placed in a rotating water bath where it was 
tumbled for 24 hours at 60*0 to complete conversion measured by nuclear magnetic resor^arx^ (NMR) 
technique. The resulting random copolymer solution was removed from Uie reaction bottie. A thin film was 
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cast and dried then subjected to mechanical tests. The resufts of these tests are reported to Tabte III, 
Example A. 
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Examples B and C 
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The preparation of these random copolymers by conventional thermal techni(;pj»s was carried out usmg 
the same procedtro used to prepare Example A. The amount of the soft butyl acrylate (jBA) monomer was 
raised from initial 10 parts to 50 parts with the corresponding decrease from 90 parts of methyl 
metfiacrylate (MMA) to 50 parts. The molecular weight ranges and the niherent viscosltfes varied due to the 

conditions of polymedzatton. 

Table III 



• 


Non-Segmented • 


- Random Copolymers 












Performance Data 


Ex. 


Composition 


Molecular 


I.V. 


Moduto 


Elong. 


Tensile 




BA/MMA 


Weight 


(di/g) 


(MPa) 


(%) 


(MPa) 


A 


10/90 


147,583 


0.61 


1.657 


3 


60.1 


8 




132.001 


0.69 


1.136 


^7 


37.4 


C 


50/50 


108.375 


0.76 


439 


183 


11.8 



Table 111 s^ ows the advant^es of segmented copolymers of Tables I and il over the random, nor>- 
segmented, otherwise similar butyl acrylate ^A) and methyl methacrylate (MMA) copolymers. For example, 
wfien the i^ihdom 30:70 BA:MMA of Table III Is compared to the lower molecuiai weight (111 .564) example 
28:72 of Table II its elongation of only 2.7% is in sharp contrast to aimost 30% elongation of tribiock 
MMA/2-BA/MMA of the invention. This clearfy demonstrates the effectiveness of Imparting fiexibiSty by 
having BA contributing its rubt>er properties in blodc-fbrm which does not significantiy reduce the modulus. 

While this invention has been described in connection with specific embodiments, it shiould be 
understood that it is capable of further modification. The claims herein are intended to cover those 
variations which one sidlied in the art would recognize as tfie chemical equivalent of what has tieen 
described here. 
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Clafms 

1. A copolymer characterized t>y the general formula i(BAT)n 
wherein 

I represents the free radical initiator portion of an inif^ler of the formula i(T)a 
T represents the termination portion of said inifertar, 
n is an integer of at (east 2; 

B represents a first polymer blodc seiected from the group consisting of (i) an elastic acrylic polymer blodc 
having a glass tran8iii(M) temperatures of less tt)an 0* C; and 00 d normally thermoplastic poiymer block 
having a glass transition tmperature of at least 50 ' C; and 

A represents a second polyrner block seiected from the group consisting of polymer bk>ck 0) and polymer 
bkx:k fii) which was not selected as said first polymer bkxk 

ttie weight ratio of saki acrylic poiymer bbck to said tfienmoplastic bk>ck in said block copolymer being 
from about 5:95 to 40:60. 

2. The copolymer of cl^m 1 further characterized by said elastic acrylic polymer block toeing formed of 
a monomer comprising at least one monomeric acrylic or metiiacrylic add ester of a non-tertiary alcohol, 
said ateohot having from 1 to 14 carbon atoms witii ti^e average number of carbon atc^ns being atxxA 4 to 
12. 

3. The copolymer of claim 2 further characterized by the selection of sakl monomeric acrylic or 
methacrylk: add ester from ttte group consisting of 2-butyl acrylate. isooctyt acrylate. 2-eHiylhexyl acrylate, 
2-mettiyIbutyl acrylate, and N-butyl acrylate. 
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4, The copolymer of claim 1 Turther characterized by the formation of said therm<^fastic polymer block 
of nrwnomer selected from the group consisting of methyl methacrylate, polystyrytethyl methacryiate 
macromer, methyl methacryiate macromer. acrylic add, acrylonitrile, isobomyl methacryla(e» hhvinyl pyr- 
rollck)ne, t-butyl methacryiate, Isopropyl methacfytate and mixtures thereof. 

5. The copolymer of claim 1 represented by the formula 



wtierein 

R1.Ra.R3. aruJ R4 are aliphatic or aromatic moieties which can be the same or different and which do not 
substantially interfere with the ability of I* to promote free radical polymerization or witti the abtiity of T* to 
recombine with I* or a polymer free radical segment including I*; 

Y is a Snklng group having a functionality of x-i-y which does not substantially interne with the ability of I* 
to promote free radical pdymerization or the ability of T* to recombine witfi !• or a polymer free racBcai 
segrr^nt including I * ; and 

X and y are each integers of at least 1 and the sum of x-^-y is not more than 12. 

6. The copolymer of claim 1 furtfier characterized by the representation by the formula 



7. The copolymer of <Mm 1 further characfbrized by ttie selection of said iniferter from the group 
consisting of xyiylene bis (N,N<liethyl ditiiiocarbamate) and xylylene bis (N-carbazotyi dlthlocarbamate). 
a A sheet materiailurther characterized by comprising the copolymer of claim 1. 
9. A method of maJdng a copolymer further diaracterized by comprising the steps: 

(a) mixing (1) an Iniferter represented by the general fonrnula l{T)« capable upon being subjected to 
an appropriate energy source of fonnlng free radicals K')n and ^^T* wherein n is an integer of at least 2, I* 
is a highly reactive free radical capable of initiating free radical pdymerization, and T* is a less reactive 
free radical which is generaily much less capable of initiating free radical polymerization tiwi I* but will 
r^foin with !<•)« or a freie radical polymer segment free radically polymerized with !(•)« upon termination of 
said energy source and (2) a first monomer charge selected from the group consisting of fi) acrylic 
monomer poiymerizable to form an acryQc polymer block having a glass transition temperature of less tiian 
0*C aid (h) monomer poiymerizable to form a ttiermoplastic poiymer block having a glass transition 
temperature of at least 50* C whk:h Is free racBcally potymertzabie in the presence of !(*)„ to fbnnn a first 
polymer bkx:k; 

(b) exposing the mixture of (a) to an energy source capaWe of forming free radicals !(•)„ and nT*; 

(c) maintaining the exposure of (b) until said first monomer charge polymerizes wrtii lOo to fomi a 
free radical polymer segment represented by the formula KB*)n wherein B represents said first polymer 
btodc fonned of s^d first mononer charge; (d) tenninating said exposure whereby to cause l(B')„ and nT* 
to combine to form a poiymer represented by ttie formula l(BT)n; 

(e) mixing l(BT)n with a second monomer charge which is the member of tiie group consisting of 
monomer (I) and monomer (fi) which was not selected as saki first monomer comprising monomer whteh is 
free radically poiymerizable in tiie presm» of l(B*)ff to a second poiymer bk)ck; 

(f) exposing t(BT)n to m energy source capable of forming firee radicals l(B*)n and nT*; 

(g) maintaining ttie exposure of (f) until sakI second monomer charge polymerizes with KB*)a to fbnn 
a free radical bk)ck copolymer segment represented by tiie formula 1(BA*)a wherein A represents said 
second polymer bkx:k formed of said second monomer charge; arKi 

(h) tenninating the exposure of (f) whereby l(BA*)n and nT* combine to fomi a block copolymer 
represented by tite fomnuia l(BAT)n. 




( M-C-SA8CHj ) , -Y- ( CH J BAS 
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